Objective To investigate whether different language deficits are distinguished by the relative strengths of their association with the functional connectivity (FC) at rest of the language network (LN) and cingulo-opercular network (CON) after aphasic stroke.
Behavioral and lesion-mapping studies in aphasics have identified distinct profiles of language impairments, including deficits in phonological processing and semantic 1,2 and executive-cognitive functions. 2, 3 These profiles might be associated with distinct brain regions. Anatomical-clinical correlational studies have linked damage of specific brain regions and white matter structure to distinct language impairments. 2, 4 However, numerous neuroimaging reports have shown in aphasic patients poststroke changes of activity in structurally intact brain areas distant from the site of the lesion. [5] [6] [7] Regions in the left posterior superior temporal and left inferior frontal gyrus are important for phonological features during speaking as observed in lesion-mapping 2, 8 as well as fMRI 9, 10 studies in healthy individuals. However, verbal executive functions, e.g., verbal fluency, might recruit, besides frontal and temporal cortices, 11 bilateral inferior frontal gyrus/insula, thalamus, and the dorsal anterior cingulate, 12 areas of the so-called cingulo-opercular network (CON) involved in the maintenance of task-sets 13 and/or alertness and arousal 14 in multiple tasks.
Previously, we showed that a general language deficit correlated with reduced resting-state functional connectivity (FC) 15 in the auditory network, 16 yet, associations between different impairments and abnormalities in distinct networks were not reported. Here, we observed that the severity of phonological (specifically grapheme-phoneme knowledge) and severity of verbal executive deficits in aphasia correlated with alterations of FC of the LN and CON, respectively. These findings indicate that changes in brain networks account for distinct language impairments after stroke.
Methods
Standard protocol approvals, registrations, and patient consents The institutional review board of Washington University in St. Louis approved the study. All participants provided informed consent.
Study design
We used the partial correlation technique to identify the (relatively) unique association between distinct language impairments and resting-state FC of different networks in a group of acute stroke patients with aphasic deficits.
Stroke patients
We first recruited a sample of 60 patients (33 women, mean age at stroke: 34.5 years, SD = 12.2; range 19-79 years) exhibiting a first-ever left-hemisphere stroke at the acute stage (i.e., 2 weeks) from the stroke service at Barnes-Jewish Hospital. As described in Ref. 17 , patients were not recruited based on specific impairments but prospectively included based on the presence of any behavioral deficit after a first time stroke. The following were inclusion criteria: (1) clinical diagnosis of left-hemisphere stroke (ischemic or hemorrhagic) at hospital discharge; (2) persistent stroke symptom(s) at hospital discharge; (3) awake, alert, and able to complete study tasks; and (4) age older than 18 years. Exclusion criteria included: (1) previous stroke; (2) multifocal stroke; (3) severe psychiatric disorders/conditions; (4) dementia (as measured by a Short Blessed Test score of ≥9, or as measured by a premorbid AD8 score of ≥2); (5) epilepsy, Parkinson disease, or other neurologic disorder; (6) brain injury; (7) end-stage renal disease, terminal cancer, class III or IV heart failure, or other diagnosis with a life expectancy less than 1 year; (8) premorbid functional disability measured by a mean of the modified Rankin Scale score of ≥2; (9) claustrophobia; and (10) body metal not allowing 3T MRI.
After the behavioral evaluation, a final group of 33 patients who exhibited a pathologic score in at least one language test (i.e., 2 SDs below the average of healthy controls matched for age and education) was included in the study. Table 1 displays the demographic and lesion information, as well as NIH Stroke Scale scores at admission to the hospital.
Healthy controls
We also recruited a group of 34 healthy controls including individuals without any neurologic or severe psychiatric history (mean age = 55.7 years, SD = 11.5, range 21-83 years), matched for age and education with the stroke sample. All healthy controls gave written informed consent in line with the Declaration of Helsinki.
Behavioral testing of language
The neuropsychological assessment of language, fully described in our previous work, 17 
Analysis of behavioral scores
To identify (relatively) distinct profiles of language deficits, the scores of the 9 behavioral tests underwent a 3-step analysis.
Step 1: We computed the pairwise correlations between the normalized z scores of each test across the patients (n = 33).
Step 2: We conducted a clustering analysis, implemented in MATLAB (The MathWorks Inc., Natick, MA), on the Glossary COMP/LEX-SEM = comprehension/lexical semantic; CON = cingulo-opercular network; FC = functional connectivity; FDR = false discovery rate; FLAIR = fluid-attenuated inversion recovery; GRA-PHO = grapheme-phoneme; LN = language network; ROI = region of interest; TE = echo time; TR = repetition time; vEXE = verbal executive. Abbreviations: BS = brainstem; C = cortical; CBL = cerebellum; C-S = cortico-subcortical; H = hemorrhagic; I = ischemic; N = no; NA = not available; NIHSS = NIH Stroke Scale; S = subcortical; tPA = tissue plasminogen activator; WM = white matter; Y = yes.
correlation matrix to isolate clusters of tests. We first computed the "cityblock" distance between pairs of objects (i.e., correlation among tests) and then created a hierarchical cluster tree based on the unweighted average distance of the data points. The goodness of different cluster solutions, e.g., grouping in n-clusters, was assessed with a "clustering fitness" index, which was obtained by multiplying the Dunn and Silhouette indices. The former indicates the quotient between the shortest distance between elements of distinct clusters and the maximum distance between points belonging to the same cluster; the latter denotes how a given point is similar to the other points belonging to the same cluster, in relation to points in different clusters.
Step 3: For each patient, we averaged the scores of the tests falling in the same cluster to obtain a single cluster score.
fMRI procedure MRI scanning was performed with a Siemens 3T TIM-TRIO scanner (Siemens Medical Solutions, Malvern, PA) at the Washington University School of Medicine and conducted as in our previous studies. [18] [19] [20] Structural scans consisted of the following: (1) Resting-state functional scans were acquired with a gradient echo-planar imaging sequence with TR = 2,000 ms, TE = 27 ms, 32 contiguous 4-mm slices, 4 × 4 in-plane resolution, during which participants were instructed to fixate on a small white cross displayed on a black background in a low-luminance environment. Seven resting-state fMRI runs, each including 128 volumes, were acquired. Each run lasted 4.26 minutes.
fMRI data preprocessing Functional MRI data underwent preprocessing as previously described in our study. 21 Furthermore, in preparation for the FC MRI analysis, data were passed through several additional preprocessing steps 22 : (1) spatial smoothing consisting of 6-mm full width at half maximum gaussian blur in each direction; (2) temporal filtering retaining frequencies below 0.1 Hz; and (3) removal of the following sources of spurious variance unlikely to reflect spatially specific functional correlations through linear regression: (i) 6 parameters obtained by rigid body correction of head motion, (ii) the whole-brain signal averaged over a fixed region in atlas space, (iii) signal from a ventricular region of interest (ROI), and (iv) signal from a region centered in the white matter.
Quality control of resting-state fMRI data Before performing FC computations, we identified and removed the magnetic resonance frames contaminated by head motion through the DVARS measure (root mean square change of the temporally differentiated fMRI data averaged over the brain). 23 We defined the DVARS criterion for high motion frames as 2 SDs above the mean DVARS in the healthy controls, corresponding to 0.46 root mean square fMRI signal change in units of percent. We then applied such frame-censoring criterion to all resting-state fMRI data of both patients and healthy controls, prior to FC analyses. Furthermore, since the delay in the hemodynamic response can affect FC measurements in stroke populations, 24 we calculated the lag scores in each patient for each network and we regressed out such values from any FC-behavior correlation in order to mitigate the effect of BOLD (blood oxygen level-dependent) signal delay on the FC-behavior computation. We applied on the current dataset a procedure for computing lag score, which is fully described in detail in our previous study. 24 For each patient and for each network (e.g., left LN), we calculated the lag value for each node (e.g., left inferior frontal gyrus). Then, we obtained the network lag value by averaging the values of the single nodes. This average value was entered in the partial correlation computation as a variable of no interest.
Lesion segmentation
As in our previous studies, [18] [19] [20] the lesions were manually segmented using the Analyze biomedical imaging software (mayo.edu) system by inspection of the T1-weighted, T2-weighted, and FLAIR structural images, simultaneously displayed in atlas space. All segmentations were reviewed by 2 neurologists (M.C. and Alex Carter, MD). Figure 1A displays a voxelwise map of the lesion distribution, whereas table 1 reports the information regarding lesion volume (mean = 5,841 mm 3 ; SD = 5,468).
Language and cingulo-opercular networks
In the current study, we used the language network (LN) and CON (see figure 2 and table 2 for the list of ROIs) derived in an independent cohort of 21 young healthy participants (14 women, mean age 24.6 years, 23-35 years) described in our previous study. 25 Since the LN is known to be left-hemisphere lateralized, we focused within the left hemisphere. By contrast, because the CON is bilateral, we considered the whole network.
Correlation between language impairments and FC We used a procedure, fully described in our previous study 19 and displayed in figure 3 , to obtain an FC score indexing the FC of the LN within the left hemisphere (left LN FC) and an FC score capturing the FC of the whole CON (CON FC). In the first step (figure 3A), for each patient and for each ROI, we calculated a voxelwise FC map by computing the Pearson correlation coefficient r between the ROI time course and the time courses from all other brain voxels. The correlation coefficients were transformed into Fisher z scores before any other analyses, hence generating z(r) maps. Overall, the procedure yielded 13 FC maps for each patient. Figure 3A displays one FC map obtained from ROI 1 (left inferior frontal gyrus) of the left LN in a representative patient. Albeit each map was derived from a seed region in one hemisphere, the voxelwise map itself showed the FC of that region with the whole brain. Of note, ROIs that included any lesioned voxels were not used in the analyses. Furthermore, voxels in the FC map included within the segmented lesion were not used in the FC computation of that patient's contribution to the group-level analysis. Hence, the FC maps did not contain FC values involving any damaged voxels. In the second step (figure 3, B and C), for each patient, we applied to each ROIbased FC map a mask (derived from the dataset of young healthy individuals) of the corresponding network either in the same hemisphere (e.g., left LN mask ) (figure 3B) or in the opposite hemisphere (e.g., right LN mask ) (not shown). Therefore, for a given ROI in the left hemisphere (e.g., left inferior frontal gyrus), we obtained 2 FC masked maps, the 
We then correlated in the group of patients each summary FC score with the score of the single clusters of language deficits, obtaining a "total" correlation coefficient. The factorial combination of 2 clusters of language deficits (see results section) and 2 FC summary scores yielded 4 FC-behavior total correlation scores. The total FC-behavior correlations were computed to investigate the patterns of FC associated with language impairments exclusively at a qualitative level.
Since scores for different language clusters were correlated and FC scores for different networks were correlated, we computed the partial correlation coefficients between the FC of a given network and a language deficit, statistically removing the contribution of the other behavior and the FC derived from the other network. This procedure allowed us to determine the unique association between a given cluster and network. Furthermore, to mitigate the effects of delays of the hemodynamic response due to a stroke, we regressed out the network-based lag score of each single patient from the computation of the FC-behavior partial correlation coefficients. Successively, we statistically compared the partial correlation coefficients using the Steiger z-transform test, 26 implemented on the web version of the software "cocorr" of the R package (comparingcorrelations.org/). 27 Specifically, in each comparison, we considered the 2 partial correlations as overlapping (e.g., A-B vs A-C) and based on 2 dependent groups (e.g., same group). Alpha and confidence levels were set to equal 0.05 and 0.95, respectively. We conducted a 2-tailed test of the null hypothesis A-B is equal to A-C. Finally, we used the Benjamini and Hochberg 28 false discovery rate (FDR) approach to correct the comparisons of the partial correlations.
Data availability
The dataset used in this analysis is available to other researchers on request to the corresponding author.
Results

Behavior
The clustering analysis on the final cohort of patients (n = 33) yielded 3 clusters, displayed in figure 1B. Cluster 1 comprised the majority of tests (6 of 9) evaluating comprehension (Basic Word Discrimination, Commands, Comprehension of Oral Reading of Sentences), production (Boston Naming, Stem Completion), and reading (Oral Reading of Sentences) (blue lines in figure 1B) . These tests assess comprehension as well as lexical semantic functions. Accordingly, cluster 1 was labeled as "comprehension/lexical semantic" (COMP/LEX-SEM) deficit. Cluster 2 included only Nonword Reading, a test of phonological processing involving graphemephoneme knowledge, and therefore was labeled as "grapheme-phoneme" (GRA-PHO) deficit cluster (red line in figure Abbreviations: aI = anterior insula; Talairach space; aTha = anterior thalamus; CON = cingulo-opercular network; dACC/msFC = dorsal anterior cingulated cortex/middle superior frontal cortex; IFG = inferior frontal gyrus; L = left; LN = language network; M = medial; MFG = middle frontal gyrus; R = right; RSN = resting-state network; STG = superior temporal gyrus. 29 such as attention, monitoring of working memory, and suppression of irrelevant information. Patients have to continuously retrieve/ select words from their lexicon that match the indicated rule over a long time period (1 minute). Similarly, Complex Ideational Material recruits attention, short-term memory, and abstract reasoning. 30 While patients are initially required to give yes/no answers to simple questions, the complexity increases as the test proceeds. Therefore, cluster 3 was labeled as "verbal executive" (vEXE) deficit cluster (black lines in figure 1B) . For each patient, we averaged the scores of the single tests within each cluster, obtaining a score for the patient's COMP/LEX-SEM, GRA-PHO, and vEXE deficit. The same procedure was applied to the group of healthy agematched controls.
GRA-PHO and vEXE clusters exhibited a moderate although significant degree of correlation (p = 0.03), whereas both clusters were strongly correlated with COMP/LEX-SEM (p < 0.000005), which strongly recapitulates the language factor (6 of 9 tests) associated with the FC of the auditory network in our previous study on the entire (i.e., not selected) cohort of patients. 16 In light of these patterns of correlations, here, we focused on the FC-behavior dissociation involving the GRA-PHO and vEXE clusters to investigate whether different language deficits were selectively associated with distinct patterns of FC.
Double dissociation between graphemephoneme/executive deficits and LN and CON Given the relatively low correlation between deficits of knowledge of grapheme-phoneme rules and verbal executive functions, we investigated whether these impairments were associated with different patterns of resting-state FC of the LN and CON (see figure 2 and table 2 for the list of ROIs). Specifically, we tested the double dissociation such that the deficit of GRA-PHO was more associated with the FC of the LN than CON, while the vEXE deficit was more associated with the FC of the CON than LN. The pipeline for computing the FC score within the left LN in a single patient using real data; the full procedure is described in detail in our previous study. 19 In the first step (A and E), for each patient, we computed an ROI-based (e.g., left IFG) voxelwise FC map for each ROI of each network. These maps were generated by computing the Pearson correlation coefficient r between the ROI time course and the time courses from all other brain voxels. The correlation coefficients were Fisher z-transformed prior to further analyses, thereby generating z(r) maps. Orange-yellow colors indicate voxels with positive FC with the ROI; bluecyan colors indicate negative FC. In step 2 (B-C and F-G), for each patient, we applied to each ROI-based FC map a mask (derived from the young controls and retaining voxels with z[r] > 0.3) of the corresponding network either to the same hemisphere (e.g., left LN mask ) or in the opposite hemisphere (not shown). Therefore, for a given ROI in the left hemisphere (e.g., left IFG), we obtained 2 FC masked maps, the former retaining the voxels exhibiting FC between the ROI and the left LN (C and G), the latter including voxels showing the interhemispheric FC with the right LN (not shown). Similarly, for an ROI in the right hemisphere, we obtained a map indicating the voxels in the same hemisphere (right) and one map in the opposite hemisphere (left). These computations yielded for each ROI exhibited a larger deficit of grapheme-phoneme association, while patients with lower FC of the CON showed a larger verbal executive deficit. By contrast, the FC-behavior partial correlations between the GRA-PHO deficit and CON FC (bar 2) and between the vEXE deficit and left LN FC (bar 3) were not significant. Of note, the Steiger z-transform test revealed that the magnitude of the partial correlation coefficient encompassing the GRA-PHO deficit was significantly greater for left LN FC than for CON FC (bar 1 vs bar 2) (2-tailed Steiger z test, z = 3.39, p = 0.0007, corrected for FDR at δ = 0.05). By contrast, the magnitude of the partial correlation coefficient encompassing the vEXE deficit was significantly larger for CON FC than for left LN FC (bar 4 vs bar 3) (2-tailed Steiger z test, z = 4.21, p = 0.00001, corrected for FDR at δ = 0.05).
These analyses revealed a double dissociation connecting deficits of grapheme-phoneme knowledge selectively and preferentially to the FC of the LN within the left hemisphere. By contrast, deficits of executive functions were related to the reduction of the FC of the CON.
We then investigated whether the FC-behavior dissociation was driven by the total amount of structural damage to the LN and CON. To this aim, we repeated the main FC-behavior partial correlation analysis but we also regressed out the number of voxels lesioned within the 2 networks. Once again, we detected 2 significant FC-behavior partial correlations linking the deficit of grapheme-phoneme knowledge to left LN FC (r = −0.43, p = 0.019) and the verbal executive deficit to CON FC (r = −0.46, p = 0.01). Of note, the Steiger z-transform test revealed that the magnitude of the partial correlation coefficient involving the GRA-PHO deficit was significantly larger for left LN FC than for CON FC (2-tailed Steiger z test, z = 3.02, p = 0.0025, corrected for FDR at δ = 0.05). Contrariwise, the size of the partial correlation coefficient associated with the vEXE deficit was significantly larger for CON FC as compared to left LN FC (2-tailed Steiger z test, z = 3.75, p = 0.0002, corrected for FDR at δ = 0.05). Hence, the amount of structural damage to the left LN and CON does not account for the FC-behavior double dissociation.
Discussion
In the present study, we investigated the behavioral relevance of the FC of the LN and CON for different patterns of aphasic deficits after left-hemisphere damage. The results indicated that deficits of grapheme-phoneme knowledge and verbal executive functions exhibited a moderate, yet significant correlation, whereas deficits of comprehension/lexical semantics were strongly associated with both clusters of deficits. Critically, we observed a double dissociation such that deficits of phonological processing were more correlated with the FC of the LN within the left hemisphere, and deficits of verbal executive functions were more correlated with the FC of the CON. Overall, these findings indicate that after a lefthemisphere lesion, the relevance of resting synchronization in different networks is associated with the degree of impairment of distinctive language components (e.g., phonology and verbal executive).
The behavioral results indicated a cluster of deficits of comprehension/lexical semantics, encompassing a variety of impairments such as semantic, orthographic, and syntactic processing. This cluster strongly recapitulates (6 of 9 tests) the single language factor observed in the whole cohort of patients (i.e., patients with right-and left-hemisphere damage with/without aphasic deficits) of our previous work. 17 Of interest, beside this cluster we observed 2 distinct, yet modestly correlated, clusters of deficits of phonological (grapheme-phoneme knowledge) and verbal executive processing. This finding suggests that when analyses are applied CON (CON FC, white) . Bars 1-2 and 3-4 indicate correlations involving the graphemephoneme knowledge deficit and verbal executive deficit, respectively. Each partial correlation coefficient, e.g., bar 1, is obtained by correlating a given behavior, e.g., graphemephoneme knowledge deficit, with the FC derived from a given network, e.g., left LN FC, statistically removing both the other behavior, e.g., verbal executive deficit, and the FC derived from the other network, e.g., the CON FC. *p < 0.05 false discovery rate-corrected. CON = cingulo-opercular network; FC = functional connectivity; LN = language network.
to a selected cohort of stroke patients with language deficits rather than to the entire stroke population, there is an increase of behavioral specificity within the language domain. Overall, the coexistence of a comprehension/lexical semantics, phonology, and verbal executive clusters partially mirrors the findings recently reported in a lesion-mapping study 2 in which language deficits were captured in 3 behavioral factors corresponding to deficits of semantics, phonology, and executive/cognition, respectively. Therefore, recent work suggests that aphasia can be conceptualized as an overall deficit of language function, with varying degrees of phonological, semantic, and executive/cognitive impairments. The relationship of the classic language syndromes to profiles of these deficits is an important issue for future work in larger samples of patients.
We reported an FC-behavior double dissociation such that phonological (grapheme-to-phoneme association) deficits were selectively linked to FC within the left LN (figure 4), whereas verbal executive deficits were preferentially associated with the FC of the CON (figure 4).
The behaviorally relevant FC involving the LN indicates that patients with poor performance in Nonword Reading exhibited decreased FC within and between the posterior (superior temporal gyrus) and anterior (inferior frontal gyrus) portions of the left LN. This pattern probably reflects the impairment of the "indirect" or "sublexical" route of reading 31, 32 devoted to the transformation of the words into their auditory counterparts based on grapheme-to-phoneme correspondences.
Neuroimaging studies in healthy individuals have indicated that grapheme-to-phoneme processing is mediated by the superior temporal gyrus and inferior frontal gyrus in the left hemisphere, 33, 34 both of which are included in the current LN. This interpretation is also supported by clinical observations of phonological deficits of repetition 35 and naming errors 1 after damage of the arcuate and superior longitudinal fascicles, which connect the frontal and temporal components of the present LN. 36 Finally, converging evidence from task-based fMRI studies in healthy individuals indicates the presence of a phonological network in frontal and temporal areas 9 (see review in Ref. 10 ) that is comparable to the nodes belonging to the present LN.
The second pattern of behaviorally relevant FC indicates that deficits of executive-cognitive functions, as indexed by poor performance in Category Fluency and Complex Ideational Material, were preferentially related to a reduction of FC in the CON. This finding is in accordance with the putative function of that network in exerting top-down control of behavior by maintaining task-relevant information during task performance in a variety of cognitive domains 13 (i.e., not only language). Albeit, Category Fluency and Complex Ideational Material assess different linguistic aspects, i.e., verbal semantic fluency and auditory comprehension, respectively, performing well in these tests requires several executive operations supported by the CON. During Category Fluency, patients have to access their lexicon to retrieve words from the criterion category and be focused on the task for 1 minute to avoid repetition and intrusions (i.e., words not belonging to the specified category). These operations, requiring (sustained) attention, constant monitoring of working memory, and suppression of irrelevant information may be assisted by the CON, which is involved in the maintenance of task-sets 29 and/or alertness and arousal.
14 Accordingly, a reduction of interhemispheric FC, possibly reflecting a loss in communication and coordination of the activity among anterior insulae and thalami, might be related to poor performance in the Category Fluency test. During the Complex Ideational Material test, patients are required to read short stories and then answer yes/no questions that increase in difficulty as the test proceeds. Performing this task demands several executive processes such as attention, concentration, short-term memory, and abstract reasoning, 30 which again may involve the CON. Another, not-exclusive possibility is that low scores on the Complex Ideational Material reflect poor cognitive effort, 37 which has been associated with pathological upregulation of CON regions during difficult language tasks in aphasic patients. 7 This maladaptive recruitment of the CON during task performance would be reflected in an abnormal reduction of resting-state FC. Overall, the pattern of behaviorally relevant FC of control networks for executive deficits is consistent with an emerging account of aphasia in which domain-general networks have a central role in language after aphasic stroke. 38, 39 Despite the large body of work on intrinsic brain activity, its significance is still under investigation. A dominant hypothesis is that ongoing brain activity as captured by resting-state FC might reflect the history of coactivated areas working in concert. 15, 40 This interpretation is based on the strong correspondence between the topography of task-evoked and intrinsic 41 activity as well as on the observation that restingstate FC can be modified by learning in a behaviorally relevant manner. 42 At the same time, several lines of evidence indicate that intrinsic activity constrains both task-evoked activity 43 and behavior. 44 These findings suggest a circular interplay in which previous experience and related brain coactivations shape spontaneous activity at rest, which in turn biases taskevoked activity and behavior during task performance. In this framework, a possible mechanistic interpretation of the association between behavioral impairments and off-line resting-state FC could be a "reset" of this circle. Stroke onset would represent a novel "time zero" as the anatomical damage would interrupt the normal interaction between intrinsic, task-driven activity and behavior. A focal lesion would affect the patterns of coherent intrinsic activity that normally constrains the coordinated brain activations required to perform a given task/test. Altered spontaneous activity would abnormally be reflected in task-evoked activity leading to distorted interregional interactions and poor behavioral performance. This interpretation is consistent with several task-based fMRI studies in stroke groups indicating that during online performance, new brain areas are engaged 45 while those usually recruited are abnormally activated. 46 As a prediction, spontaneous recovery and rehabilitation treatment would reshape task-evoked brain activity during task performance over time (i.e., history of coactivations) leading to a restoration of coherent intrinsic activity as indexed by resting-state FC. Indeed, recent studies indicate that behavioral recovery in language 47 and attention 20 domains is associated with a normalization of resting-state FC. However, future studies that combine task-based and resting-state fMRI paradigms at acute and chronic stage after stroke onset are needed to directly test the "reset" hypothesis.
The current results indicate a certain degree of behavioral specificity of resting-state FC after a left-hemisphere stroke. These findings complement those observed in our previous report showing that after a right-hemisphere lesion, attention and motor deficits are selectively related to the interhemispheric FC of the corresponding networks, the dorsal attention and motor network, respectively. Similarly, previous work in healthy individuals indicates that differences in the strength of FC within a task-specific network may account for behavioral variability in the corresponding cognitive domain. 44 
Limitations
The patients enrolled in the present study were not recruited on the basis of lesion location, hence the final cohort exhibited a heterogeneous lesion distribution. Further studies investigating patients with similar lesion distributions might be useful to enhance our understanding of the associations among brain damage, FC, and aphasia. Albeit, language was assessed with a detailed battery of tests, some subcomponents (e.g., phonology) may require a deeper evaluation, for instance using nonword repetition. Finally, a recent task-based fMRI study showed that the FC differential activity between the default mode network and frontotemporoparietal networks was related to speech performance in aphasic patients. 48 Hence, future studies need to investigate the relationship between aphasic deficits and FC of the default mode network with other networks.
